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(57) To update the control value to a value of higher 
precision in a predistortion type distortion compensation 
apparatus for compensating the distortion occumng in 
an amplifier for amplifying an input signal by the control 
using a control value corresponding to the level of the 
input signal. 

Distortion generating means 1 generates distortion 
In an input signal, input signal level detecting means 3 
detects the level of the Input signal, distortion control 
means 4 controls the distortion generated by the distor- 



tion generating means 1 by using a control value corre- 
sponding to the level of the detected input signal, dis- 
tortion component level detecting means 7 detects the 
level of distortion component contained in the amplified 
signal issued from the amplifier 2, integrating means K1 
to KN integrate the level of the distortion component de- 
tected at every level of the detected input signal, and 
control value updating means 10 updates the control 
value corresponding to the level so that the integration 
result at every level of the input signal may be small. 
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Description 



[0001 ] The present invention relates to a predistortion 
type distortion compensation apparatus for compensat- 
ing the distortion occurring in an amplifier for amplifying 
an input signal by the control using a control value cor- 
responding to the level of the input signal, and more par- 
ticularly to a technique of updating the control value to 
a more precise value. 

[0002] For example, in a base station apparatus (CD- 
MA base station apparatus) of a mobile communication 
system confomriing to a W-CDMA (wide-band code di- 
vision multiple access) mobile communication method, 
the radio signal must be sent to a mobile station appa- 
ratus (CDMA mobile station apparatus) physically at a 
long distance, and the transmission signal must be sent 
out by largely amplifying by an amplifier. 
[0003] However, the amplifier is an analog device, 
and there is limitation in amplification. This limitation in 
amplification is also known as a saturation point, and 
after the saturation point, the output power is unchanged 
if the power entered in the amplifier is increased, and 
the output is nonlinear This nonlinear output causes a 
nonlinear distortion. 

[0004] Fig. 7 shows an example of spectrum of trans- 
mission signal before input into the amplifier, and Fig. 8 
shows an example of spectmm of the transmission sig- 
nal amplified and issued by the amplifier when distortion 
is not compensated. In Fig. 7 and Fig. 8, the axis of ab- 
scissas of the graph Indicates the frequency (In kHz) and 
the axis of ordinates denotes the power ratio (in dB). 
[0005] As shown in Fig. 7, In the transmission signal 
before amplification, the signal component out of de- 
sired signal band Is suppressed to a low level by the 
band limiting filter, but in the signal after passing through 
the amplifier, as shown in Fig. 8, the signal is distorted, 
and signal component has leaked to outside of the de- 
sired signal band (adjacent channel). 
[0006] For example, in the base station apparatus, 
since the transmission power is high as mentioned 
above, the magnitude of leak power to adjacent channel 
is strictly regulated, and it is an important problem how 
to curtail such adjacent channel leak power (ACP). 
[0007] As means for curtailing the adjacent channel 
leak power, an example of a transmission power ampli- 
fier with distortion compensation used in a conventional 
base station apparatus is explained. 
[0008] Fig. 9 Is a stnjctural example of such transmis- 
sion power amplifier with distortion compensation, and 
its operation is explained. 

[0009] In the transmission power amplifier with distor- 
tion compensation, a transmission signal (Including I 
component and Q component) generated in a base 
band signal generator 61 is put into a vector adjusting 
unit (predistortion unit) 62 and a power measuring unit 
69, and the transmission signal entering the vector ad- 
justing unit 62 is compensated of distortion by this vector 
adjusting unit 62. The vector adjusting unit 62 is gener- 



ally composed of a complex multiplier, and is designed 
to compensate the distortion of the transmission signal, 
according to the control from a controller 68 described 
below, by setting the amplitude-phase plane character- 
5 istic so as to be a reverse characteristic of the nonlinear 
characteristic of an amplifier 64 described below, and 
giving this characteristic (that is, the reverse character- 
istfc) to the transmission signal as the distortion com- 
pensation characteristic. 

10 [0010] The transmission signal compensated of dis- 
tortion by the vector adjusting unit 62 is up-converted 
from the base band to the carrier frequency band by a 
transmission modulator 63, and is amplified by the am- 
plifier 64, and is supplied into the antenna not shown. 

15 [001 1 ] In the amplifier 64, distortion occurs when am- 
plifying the transmission signal, and the amplifying ap- 
paratus with distortion compensation is provided with a 
feedback system for detecting the residue of distortion 
for observing whether the distortion is compensated 

20 property or not. 

[0012] This feedback system comprises a local fre- 
quency generator 65, a demodulator 66, and an A/D 
converter 67. and part of the output signal (amplified sig- 
nal) of the amplifier 64 supplied into the antenna is, for 

25 example, taken out by a directional coupler, and put into 
the demodulator 66. 

[0013] In the feedback system, the amplified signal 
entered from the directional coupler into the demodula- 
tor 66 is demodulated by using a local signal entered 
30 from the local frequency generator 65 into the demodu- 
lator 66, and the demodulated signal is converted from 
analog signal into digital signal by the A/D converter 67, 
and the digital signal is put into the controller 68. 
[0014] In the power measuring unit 69, the power of 
35 transmission signal (transmission power) entered from 
the base band signal generator 61 is detected, and the 
detection result is noticed to the controller 68. 
[0015] The controller 68 is composed of, for example, 
DSP (digital signal processor), and it detects the resid- 
ue ual distortion amount from the digital signal entered from 
the A/D converter 67, and controls the vector adjusting 
unit 62 so that the distortion may be compensated prop- 
erty by the vector adjusting unit 62 on the basis of the 
detection result. In this control, it is controlled so that the 
^5 distortion compensation characteristic corresponding to 
the transmission power noticed from the power meas- 
uring unit 69 may be used in the distortion compensa- 
tion. 

[0016] As described herein, according to the trans- 
so mission power amplifier with distortion compensation 
shown in Fig. 9, appropriate distortion compensation is 
done for the distortion occurring in the amplifier 64, and 
an efficient transmission power amplification process Is 
realized. 

55 [0017] Fig. 10 shows an example of spectrum of the 
transmission signal amplified and issued by the ampli- 
fier 64 when distortion is thus compensated, and In this 
signal spectrum, the adjacent channel leak power is cur- 



2 



• 



EP 1 229 640 A2 



tailed substantially. The axis of abscissas of the graph 
indicates the frequency (in kHz) and the axis of ordi- 
nates denotes the power ratio (In dB). 
[0018] Several prior arts relating to such distortion 
compensation are presented below. 
[0019] For example, in the digital wireless apparatus 
disclosed in Japanese Laid-open Patent No. 9-294144, 
distortion is compensated by using a feedback system 
similar to the one shown In Fig. 9, and in this feedback 
system, same as in Fig. 9, the required signal to be 
transmitted (the original transmission signal) is down- 
converted together with undesired signal generated in 
adjacent channel (that is, the distortion generated in the 
amplifier), and all signals are processed by orthogonal 
demodulation or the like. 

[0020] In the automatic follower type predistorter dis- 
closed in Japanese Patent Publication No. 63-10613, 
distortion occurring in the amplifier is compensated by 
using the feedback system similar to the one shown in 
Fig. 9, and this feedback system, similarty. demodulates 
the amplified signal Including the transmission signal 
band (that is, reproduces the base band signal before 
modulation), and processes by A/D conversion or the 
like. 

[0021] Although not Intended to compensate distor- 
tion, in the measuring apparatus and measuring method 
of adjacent channel leak power disclosed in Japanese 
Laid-open Patent No. 9-138251, same as above, the 
earner signal (conresponding to the required signal) Is 
taken out together with the adjacent channel signal (cor- 
responding to undesired signal), and they are proc- 
essed by fast Fourier transfomi (FFT), and the adjacent 
channel leak power ratio (power ratio of required signal 
and undesired signal). 

[0022] As in distortion compensation of the transmis- 
sion power amplifier with distortion compensation 
shown in Fig. 9, the predistortion system is known as 
one of the methods of compensating distortion occurring 
In the amplifier. In the predistortion system, the reverse 
characteristic of the nonlinear characteristic of the am- 
plifier Is preliminary given to the signal to be entered In 
the amplifier, and distortion occurring in the amplifier is 
compensated. The nonlinear characteristic of the ampli- 
fier includes the AM-AM characteristte changing the lev- 
el of output signal nonllnearly depending on the level of 
Input signal, and AM-PM characteristic changing the 
phase of output signal nonllnearly depending on the lev- 
el of input signal. 

[0023] Fig. 11 shows other circuit example of the ap- 
paratus employing such predistortion system (predistor- 
tion type distortion compensation amplifying appara- 
tus), and this predistortion type distortion compensation 
amplifying apparatus comprises a predistortion unit 71 
Including a variable attenuator (ATT) 81 and a variable 
phase shifter 82, a power amplifier (PA) 72 composed 
of one or plural power amplifiers, an envelope detector 
73. a compensation table 74 including a table for ampli- 
tude control (ATT table) 83 corresponding to the variable 



attenuator 81 and a table for phase shift control (phase 
shifter table) 84 corresponding to the variable phase 
shifter 82, a side band power measuring unit 75, a spe- 
cific time integrating circuit 76. and a control circuit 77. 
5 [0024] An example of operation of the shown predis- 
tortion type distortion compensation amplifying appara- 
tus is shown. 

[0025] The signal entering from the input end of the 
predistortion type distortion compensation amplifying 
10 apparatus is distributed into two signals, and one distri- 
bution signal is put into the variable attenuator 81 of the 
predistortion unit 71 , and other distribution signal is put 
into the envelope detector 73. 

[0026] The envelope detector 73 detects the enve- 
15 lope infonnation of the input signal (momentary power 
level), and issues the result of detection to the compen- 
sation table 74. 

[0027] The compensation table 74, referring to the 
ATT table 83, reads out the control value for amplitude 

20 control corresponding to the envelope infomiation en- 
tered from the envelope detector 73, and issues the con- 
trol value to the control tenninal of the variable attenu- 
ator 81 of the predistortion unit 71 as a control signal for 
amplitude compensation. 

25 [0028] Further, the compensation table 74, referring 
to the phase shifter table 84, reads out the control value 
for phase shift control con'espondlng to the envelope in- 
formation entered from the envelope detector 73, and 
Issues the control value to the control temnlnal of the 

30 variable phase shifter 82 of the predistortion unit 71 as 
a control signal for phase shift compensation. 
[0029] The ATT table 83 and phase shifter table 84 
are composed of memories for storing, for example, the 
envelope infonnation as reference address, and control 

55 value corresponding to the reference address. The com- 
pensation table 74 reads out the control value corre- 
sponding to the address, the address being the enve- 
lope infonnation entered from the envelope detector 73, 
from the ATT table 83 and phase shifter table 84, and 

^0 issues to the variable attenuator 81 and variable phase 
shifter 82 of the predistortion unit 71 . 
[0030] The variable attenuator 81 in the predistortion 
unit 71 attenuates the amplitude of the input signal by 
the attenuation amount controlled by the control signal 

^5 entered from the compensation table 74, and Issues to 
the variable phase shifter 82. 

[0031] The variable phase shifter 82 in the predistor- 
tion unit 71 changes (shifts) the phase of the signal en- 
tered from the variable attenuator 81 by the phase shift 
so amount controlled by the control signal entered from the 
compensation table 74, and Issues to the power ampli- 
fier 72. 

[0032] Thus, in the predistortion unit 71 , the input sig- 
nal is corrected (compensated) of amplitude or correct- 
55 ed (compensated) of phase depending on the envelope 
infonmation of the Input signal, and the input signal after 
correction is issued to the power amplifier 72. 
[0033] The power amplifier 72 amplifies the Input sig- 
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na! after predistortion entered from the variable phase 
shifter 82 of the predistortion unit 71 , and issues the am- 
plified signal from the output end of the predistortion 
type distortion compensation amplifying apparatus. 
[0034] The side band power measuring unit 75, spe- 5 
cific time integrating circuit 76, and control circuit 77 
process to optimize the control value to be stored in the 
ATT table 83 and phase shifter table 84 of the compen- 
sation table 74. 

[0035] Specifically, the side band power measuring io 
unit 75 couples and receives a part of the amplified sig- 
nal issued from the power amplifier 72 from, for exam- 
ple, the directional coupler, measures the adjacent 
channel leak power (side band component power) in- 
cluded In the received amplified signal, and issues the is 
measured power to the specific time Integrating circuit 

76. The component of the adjacent channel leak power 
Includes the distortion component generated In the pow- 
er amplifier 72. 

[0036] The specific time integrating circuit 76 inte- 20 
grates the adjacent channel leak power entered from the 
side band power measuring unit 75 for a predetennined 
specific time, and issues the Integration result to the 
control circuit 77. Herein, the integration result of the ad- 
jacent channel leak power is issued to the control circuit 25 

77, but it may be also designed, for example, to average 
the adjacent channel leak power Issued from the side 
band power measuring unit 75 for a predetenmined spe- 
cific time, and issue the averaged result to the control 
circuit 77, and in this case the averaged result con-e- 30 
sponds to the average of the integration result in the 
specific time. 

[0037] The control circuit 77 updates the control val- 
ues stored in the ATT table 83 and phase shifter table 
84 of the compensation table 74, for example, by the 35 
following updating method on the basis of the integration 
result of the adjacent channel integration result entered 
from the specific time Integrating circuit 76. 
[0038] The ATT table 83 compares the integration re- 
sult obtained from the specific time Integrating circuit 76 40 
when, for example, part of the control value stored in the 
ATT table 83 is changed and the distortion is compen- 
sated by using the changed control value of the ATT ta- 
ble 83, and the integration result obtained from the spe- 
cific time Integrating circuit 76 when the distortion is ^5 
compensated by using the control value of the ATT table 
83 before the change. The control value of the ATT table 

83 in the case of obtaining the smaller integration result 
of the two integration results compared Is used as a 
more appropriate table value. By repeating such oper- so 
ation, the control value stored in the ATT table 83 is 
brought closer to an optimum value. 

[0039] In the phase shifter table 84, by similar opera- 
tion, the control value stored in the phase shifter table 

84 is brought gradually to an optimum value. ss 
[0040] Preferably, the control values stored in the ATT 
table 83 and phase shifter table 84 should be updated 

so that the integration result obtained in the specific time 



integrating circuit 76 may be minimum. 
[0041 ] Referring now to Rg. 1 2, the principle of com- 
pensating the distortion occuning in the amplifier Is ex- 
plained. 

[0042] Fig. 12 (a) shows an example of gain charac- 
teristic PI corresponding to the Input signal level (input 
level) and an example of characteristic Q1 of phase 
change corresponding to the input level, as the charac- 
teristic of the amplifier, in which the axis of abscissas 
denotes the input level, and the axis of ordinates repre- 
sents the gain and phase changes. As shown in Fig. 12 
(a), the gain and phase changes of the amplifier are con- 
stant in the linear region of a relatively small input level, 
but the changes are nonlinear depending on the input 
level in the nonlinear region where the input level is rel- 
atively large. 

[0043] Fig. 12 (b) shows, as the input and output char- 
acteristic of the amplifier, an example of characteristic 
P2 of level (output level) of the output signal correspond- 
ing to the input level, and an example of characteristic 
Q2 of phase (output phase) of the output signal corre- 
sponding to the input level. As shown in Fig. 12 (b), in 
the above linear region, the Input level and output level 
are proportional, and the output phase is constant, but 
in the nonlinear region, the output level and output 
phase vary nonlinearly depending on the input level. In 
such amplifier, an amplitude distortion Is generated by 
the nonlinear change of the output level, and a phase 
distortion is generated by the nonlinear change of the 
output phase. 

[0044] On the other hand. Fig. 12 (c) shows an exam- 
ple of characteristic P3 of compensation gain corre- 
sponding to the input level and an example of charac- 
teristic Q3 of compensation phase change correspond- 
ing to the input level, as the compensation characteristic 
for compensating the amplitude distortion and phase 
distortion occuning In such amplifier, In which the axis 
of abscissas denotes the input level and the axis of or- 
dinates represents the compensation gain and compen- 
sation phase changes. The characteristic P3 of com- 
pensation gain and characteristic Q3 of compensation 
phase change shown in Fig. 12 (c) have the character- 
istic (reverse characteristic) for canceling the gain PI 
and phase change Q1 of the amplifier shown in Fig. 12 
(a), and by applying the compensation gain P3 and com- 
pensation phase change Q3 having such reverse char- 
acteristic to the signal to be amplified by the amplifier, 
generally, the amplitude distortion and phase distortion 
generated in the amplifier can be compensated. 
[0045] Fig. 12 (d) shows an example of characteristic 
P4 of gain to input level and an example of characteristic 
Q4 of phase change to input level, as the characteristic 
in the case of such compensation of amplitude distortion 
and phase distortion occum'ng In the amplifier, in which 
the axis of abscissas denotes the Input level and the axis 
of ordinates represents the gain and compensation 
phase changes. As shown In Fig. 12 (d), in the charac- 
teristic after distortion compensation, if the input level is 
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relatively large, the gain and phase changes are con- 
stant. 

[0046] Ftg. 1 2 (e) shows an example of characteristic 
P5 of output level to input level and an example of char- 
acteristic 05 of output phase to input level, as the Input 
and output characteristic In the case of compensation 
of amplitude distortion and phase distortion occumng in 
the amplifier, In which the axis of abscissas denotes the 
input level and the axis of ordinates represents the out- 
put level and output phase. As shown in Fig. 12 (e), in 
the input and output characteristic after distortion com- 
pensation, if the input level is relatively large, the output 
level is proportional to the input level, and the output 
phase remains invariable. 

[0047] In this way, to the signal amplified by an ampli- 
fier having characteristic g, by giving compensation 
characteristic f of reverse characteristic of the charac- 
teristic g, the distortion of this signal can be compensat- 
ed. 

[0048] In the ATT table 83 and phase shifter table 84 
of the compensation table 74, control values for realizing 
such compensation characteristic f are stored. 
[0049] An example of prior art relating to predistorlion 
is given below. 

[0050] For example, in the predlstortion of the ampli- 
fier and the amplifying device disclosed in Japanese 
Laid-open Patent No. 2000-78037, as a manner of pre- 
distorting by preliminarily deforming the input signal of 
the amplifier, the input signal is deformed by the com- 
pensation coefficient corresponding to differential or in- 
tegral or both values of the input signal, and the adjacent 
channel leak power is reduced by broadening the signal 
band, and the frequency characteristic in the base band 
is improved. 

[0051] In the predlstortion device and its method dis- 
closed in Japanese Laid-open Patent No. 2000-201 099, 
by predistorting by using a predlstortion function ob- 
tained from the Inverse function of the input and output 
characteristic holding the inclination of small power por- 
tion of favorable linearity to the input and output char- 
acteristic of the power amplifier, a precise distortion is 
realized. Specifically, an arbitrary straight line (for ex- 
ample, function y = X) Is set as the reference, the pre- 
dlstortion unit is roughly controlled by using table values 
of two stages and then controlled finely, and the en-or 
from the reference Is minimized. This publication in- 
cludes an embodiment in the base band and an embod- 
iment In radio frequency (RF) band. 
[0052] However, in the predlstortion type distortion 
compensation amplifying apparatus as shown in Fig. 11 , 
since the control value of the compensation table 74 is 
updated on the basis of the integration result of the ad- 
jacent channel leak power observed for a specific time 
regardless of the level of input signal, when processing 
a signal, such as CDMA signal, which Is large in peak 
factor of input signal and low in frequency of occurrence 
of specific Input level, the ratio of components corre- 
sponding to the input level of such low frequency of oc- 



cun-ence contained in the integration result of adjacent 
channel leak power is small. 

[0053] Accordingly, when updating the control value 
conresponding to the Input level of low frequency of oc- 

5 currence, the density of the adjacent channel leak power 
component con-esponding to such input level is low in 
the integration result, and the control value of the com- 
pensation table 74 cannot be updated to a p roper value, 
or it takes much time in convergence into optimum con- 

10 trol value, or the control value does not converge. 
[0054] The invention is devised to solve such prob- 
lems of the prior arts, and it is hence an object thereof 
to present a predlstortion type distortion compensation 
apparatus capable of updating the control value to a pre- 

^5 else value, when compensating the distortion occurring 
in an amplifier for amplifying an input signal by control- 
ling by using a control value corresponding to the level 
of the input signal. 

[0055] To achieve the object, in the predlstortion type 

20 distortion compensation apparatus of the invention, dis- 
tortion generating means generates distortion in an In- 
put signal, input signal level detecting means detects the 
level of the input signal, and distortion control means 
controls the distortion generated by the distortion gen- 

25 erating means by using a control value corresponding 
to the level of the input signal detected by the input sig- 
nal level detecting means, thereby compensating the 
distortion occumng in the amplifier for amplifying the in- 
put signal, in which the control value is updated In the 

30 following procedure. 

[0056] That is. distortion component level delecting 
means detects the level of distortion component con- 
tained in the amplified signal issued from the amplifier, 
integrating means integrates the level of the distortion 

35 component detected by the distortion component de- 
tecting means in every level of the input signal detected 
by the input signal level detecting means, and control 
value updating means updates the control value corre- 
sponding to the level used by the distortion control 

^0 means so that the integration result of every level of in- 
put signal obtained from the integrating means may be 
small, 

[0057] Therefore, since the level of the distortion com- 
ponent contained in the amplified signal is integrated at 

45 every level of the Input signal, and the control value is 
updated at every level of input signal on the basis of the 
integration result, the control value for controlling the 
distortion compensation can be updated to a precise 
value, so that distortion compensation of high precision 

50 is realized when processing a signal, for example, low 
In frequency of occurrence of specific Input level. 
[0058] Various signals may be used as the input sig- 
nal. 

[0059] Various amplifiers may be used, and either a 
55 single amplifier may be used, or plural amplifiers may 
be combined. 

[0060] The distortion generating means is prefen^ed 
to generate both amplitude distortion and phase distor- 
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tion, but may be designed to generate either. 
[0061] The level of input signal to be detected by the 
input signal level detecting means, and the level of dis- 
tortion component to be detected by the distortion com- 
ponent detecting means are not particularly limited, and, 
for example, power level and amplitude level may be 
used. 

[0062] As the level of distortion component, for exam- 
ple, when transmission signal is used as input signal, 
the level of adjacent channel leak power may be used. 
[0063] As the control value for controlling the distor- 
tion generated by the distortion generating means, for 
example, the control value for controlling the amplitude 
distortion to be generated, or the control value for con- 
trolling the phase distortion to be generated may be 
used. 

[0064] As the manner of controlling the amplitude dis- 
tortion to be generated or the phase distortion to be gen- 
erated, for example, the quantity of the amplitude dis- 
tortion to be generated or the quantity of the phase dis- 
tortion to be generated may be controlled. 
[0065] As the manner of integrating the level of dis- 
tortion component at every level of Input signal, for ex- 
ample, the level of the distortion component may be in- 
tegrated by a different integrating circuit at every level 
of input signal by using plural integrating circuits, or the 
level of distortion component may be integrated when 
the input level of a specified level is amplified by using 
one integrating circuit corresponding to Input signal of 
specific level. 

[0066] Every level of input signal may be, for example, 
every level in a specified range, or every level of value 
of one point. In the invention, therefore, the level of dis- 
tortion component may be Integrated in every specified 
level range concerning the input signal, or the level of 
distortion component may be Integrated at every level 
value of one point concerning the input signal. 
[0067] In the invention, integration of level of distor- 
tion component by integrating means includes averag- 
ing of the level of distortion component, for example, by 
integration time or integration counts, and the averaged 
result substantially corresponds to the quotient of the 
Integration result divided by the Integration time or inte- 
gration counts. 

[0068] To update the control value corresponding to 
the level so that the integration result at every level of 
input signal may be small means specifically to update 
the control value corresponding to the level range so 
that the integration result obtained corresponding to the 
input signal in a certain level range may be small. 
[0069] The degree of the integration result of distor- 
tion component level to be small is preferably minimum, 
but as far as the distortion is compensated effectively, it 
may not be always minimum. 
[0070] Similarly, the degree of compensating the dis- 
tortion is preferably zero distortion, but as far as the dis- 
tortion can be decrease effective, it may not be always 
zero. 



[0071] Further, in the predistortion type distortion 
compensation apparatus of the invention, distortion 
generating means generates distortion in an input sig- 
nal, input signal level detecting means detects the level 

5 of the input signal, and distortion control means controls 
the distortion generated by the distortion generating 
means by using a control value corresponding to the lev- 
el of the input signal detected by the input signal level 
detecting means, thereby compensating the distortion 

10 occun^ing in the amplifier for amplifying the input signal, 
in which the control value is updated in the following pro- 
cedure. 

[0072] That Is, distortion component level detecting 
means detects the level of distortion component con- 

15 tained in the amplified signal Issued from the amplifier, 
counting means counts inputs at specified level of the 
level of input signal detected by the input signal level 
detecting means, integrating means integrates the level 
of the distortion component detected by the distortion 

20 component detecting means when the level of the input 
signal detected by the input signal level detecting means 
is the specified level for the period until a specified value 
is counted by the counting means, and control value up- 
dating means updates the control value corresponding 

25 to the specified level used by the distortion control 
means so that the integration result of the integrating 
means may be small. 

[0073] Therefore, since the level of the distortion com- 
ponent when the Input signal of specified level is ampli- 

30 fled is integrated for a period corresponding to the spec- 
ified count value, and the control value is updated cor- 
responding to the specified level on the basis of the in- 
tegration result, the control value for controlling the dis- 
tortion compensation can be updated to a precise value, 

35 so that distortion compensation of high precision is re- 
alized when processing a signal, for example, low in fre- 
quency of occurrence of specific input level. 
[0074] Herein, various levels may be used as the 
specified level of input signal, and, for example, a level 

40 range may be used or a level value of a point may be 
used. 

[0075] As the manner of counting inputs when the in- 
put signal level is a specified level, the input times may 
be counted, for example, by adding +1 to the count value 

45 of input of input signals of the specified level, or the input 
times may be counted by adding +1 to the count value 
when the input signal of the specified level continues for 
a predetemiined duration, or the input duration may be 
counted by counting the duration of input of input signal 

so of the specified level. 

[0076] The specified value to be counted by the count- 
ing means may be any value as far as the control value 
can be updated properly. 

[0077] Thus, according to the invention, during the pe- 
55 riod of counting of such specified value by the counting 
means, the level of the distortion component when the 
level of the input signal is the specified level is integrat- 
ed, and the integration result is used in updating of the 
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control value. 

[0078] In the predistortion type distortion compensa- 
tion apparatus of the invention, preferably, the distortion 
control means is composed by using a memory for stor- 
ing the input signal level and control value in corre- 
spondence to each other. 

[0079] Various memories may be used for this pur- 
pose. 

[0080] This predistortion type distortion compensa- 
tion apparatus is preferably applied in the radio base 
station apparatus or radio repeater amplifying device of 
CDMA system such as W-CDMA system. 
[0081] Specifically, the CDMA radio base station ap- 
paratus in the Invention comprises the predistortion type 
distortion compensation apparatus as described above, 
and compensates the distortion occurring in the ampli- 
fier for amplifying the transmission signal by the predis- 
tortion type distortion compensation apparatus. 
[0082] Further, the CDMA radio repeater amplifying 
device in the invention comprises the predistortion type 
distortion compensation apparatus as described above, 
and compensates the distortion occurring in the ampli- 
fier for amplifying the transmission signal by the predis- 
tortion type distortion compensation apparatus. 
[0083] The Invention will be further described by way 
of example with reference to the accompanying draw- 
ings, in which:- 

Fig. 1 is a diagram showing a circuit configuration 
of predistortion type distortion compensation ampli- 
fying apparatus in a first embodiment of the inven- 
tion; 

Fig. 2 is a diagram showing an example of con-e- 
spondence of reference address and compensation 
value; 

Fig. 3 is a diagram showing a circuit configuration 
of predistortion type distortion compensation ampli- 
fying apparatus in a second embodiment of the in- 
vention; 

Fig. 4 is a schematic block diagram of a base station 
apparatus in a third embodiment of the invention; 
Fig. 5 is a diagram showing a structural example of 
an amplifier for amplifying Individually; 
Fig. 6 is a diagram showing a structural example of 
an amplifier for amplifying commonly; 
Fig. 7 is a diagram showing an example of spectmm 
of transmission signal before input into an amplifier; 
Fig. 8 is a diagram showing an example of spectrum 
of transmission signal amplified and issued from an 
amplifier without distortion compensation; 
Fig. 9 is a block diagram of transmission power am- 
plifier with distortion compensation in a prior art; 
Fig. 10 is a diagram showing an example of spec- 
trum of transmission signal amplified and issued 
from an amplifier by distortion compensation; 
Fig. 11 is a diagram showing a circuit configuration 
of predistortion type distortion compensation ampli- 
fying apparatus; and 



Fig. 12 is a diagram for explaining the principle of 
distortion compensation. 

[0084] A predistortion type distortion compensation 
5 apparatus in a first embodiment of the invention is de- 
scribed below while referring to the accompanying 
drawings. 

[0085] Rg. 1 shows a circuit configuration of the pre- 
distortion type distortion compensation amplifying appa- 

10 ratus of the embodiment according to the predistortion 
type distortion compensation apparatus of the invention, 
and this predistortion type distortion compensation am- 
plifying apparatus comprises distortion compensation 
amplifying circuit parts for amplifying the signal by com- 

15 pensating distortion by predistortion system, that is, a 
predistortion unit 1 including a variable attenuator (ATT) 
11 and a variable phase shifter 12, a power amplifying 
unit (PA) 2 composed of one or plural power amplifiers, 
an envelope detector 3, and a compensation table 4 in- 

20 eluding an amplitude control table (ATT table) 13 corre- 
sponding to the variable attenuator 1 1 , and a phase con- 
trol table (phase shifter table) 14 corresponding to the 
variable phase shifter 12. 

[0086] The predistortion type distortion compensation 
25 amplifying apparatus further comprises control value 
updating circuit parts for updating the control values 
stored in the ATT table 1 3 and phase shifter table 1 4 of 
the compensation table 4 by feedback, that is, a side 
band power measuring unit 5. a quantizing circuit 6, a 
50 first selection circuit 7 of one input to multiple outputs, 
an integrating circuit group 8 composed of N Integrating 
circuits K1 to KN, a second selection circuit 9 of multiple 
inputs to one output, and a control circuit 10. Merem, N 
is an ari3itrary plural number. 
35 [0087] Examples of structure and operation of the dis- 
tortion compensation amplifying circuit parts are ex- 
plained below. 

[0088] The structure and operation of the distortion 
compensation amplifying circuit parts of the embodi- 

40 ment are nearly same as shown in Fig. 11. 

[0089] Specifically, the signal entered from the input 
end of the predistortion type distortion compensation 
amplifying apparatus of the embodiment is distributed 
into two signals, and one distribution signal Is put Into 

45 the variable attenuator 1 1 of the predistortion unit 1 , and 
other distribution signal is put into the envelope detector 
3. 

[0090] The envelope detector 3 detects the envelope 
infomiation of input signal (level of momentary power), 

so and issues the detection result into the compensation 
table 4 and quantizing circuit 6. 
[0091 ] The compensation table 4, referring to the ATT 
table 13, reads out the control value for amplitude con- 
trol corresponding to the envelope infomiatlon entered 

55 from the envelope detector 3, and issues the control val- 
ue to the control temninal of the variable attenuator 11 
of the predistortion unit 1 as a control signal for ampli- 
tude compensation. 
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[0092] Further, the compensation table 4, refening to 
the phase shifter table 14, reads out the control value 
for phase shift control corresponding to the envelope in- 
formation entered from the envelope detector 3, and Is- 
sues the control value to the control terminal of the var- s 
iable phase shifter 1 2 of the predistortion unit 1 as a con- 
trol signal for phase shift compensation. 
[0093] The ATT table 13 and phase shifter table 14 
are composed of memories for storing, for example, the 
envelope information as reference address, and control io 
value corresponding to the reference address. The com- 
pensation table 4 reads out the control value corre- 
sponding to the address, the address being the enve- 
lope infomiation entered from the envelope detector 13, 
from the ATT table 13 and phase shifter table 14. and 15 
issues to the variable attenuator 11 and variable phase 
shifter 1 2 of the predistortion unit 1 . 
[0094] The variable attenuator 11 in the predistortion 
unit 1 attenuates the amplitude of the input signal by the 
attenuation amount controlled by the control signal en- 20 
tered from the compensation table 4, and issues to the 
variable phase shifter 12. 

[0095] The variable phase shifter 1 2 in the predistor- 
tion unit 1 changes (shifts) the phase of the signal en- 
tered from the variable attenuator 11 by the phase shift 25 
amount controlled by the control signal entered from the 
compensation table 4, and issues to the power amplifier 
2. 

[0096] Thus, in the predistortion unit 1 , the input sig- 
nal is corrected (compensated) of amplitude or correct- 30 
ed (compensated) of phase depending on the envelope 
infonnation of the input signal, and the input signal after 
correction is issued to the power amplifier 2. 
[0097] The power amplifier 2 amplifies the input signal 
after predistortion entered from the variable phase shift- 55 
er 12 of the predistortion unit 1, and issues the amplified 
signal from the output end of the predistortion type dis- 
tortion compensation amplifying apparatus of the em- 
bodiment. 

[0098] Examples of structure and operation of the 40 

control value updating circuit parts are explained. 
[0099] In the embodiment, the control value updating 
circuit parts include a plurality of integrating circuits K1 
to KN for integrating the measured adjacent channel 
leak power, and the first selection circuit 7 of one Input <5 
to multiple outputs is disposed at the input side of the 
integrating circuit group 8 composed of these N integrat- 
ing circuits K1 to KN, and the second selection circuit 9 
of multiple inputs to one output is disposed at the output 
side of the integrating circuit group 8. The first selection so 
circuit 7 receives a digital value issued from the quan- 
tizing circuit 6 at its control tennlnal, and controls it, and 
the second selection circuit 9 receives a selection signal 
issued from the control circuit 1 0 at its control tenminal, 
and controls it. 55 
[0100] Specifically, the side band power measuring 
unit 5 couples and receives a part of the amplified signal 
issued from the power amplifier 2 from, for example, a 



directional coupler, measures the adjacent channel leak 
power (side band component power) included in the re- 
ceived amplified signal, and issues the measured power 
to the first selection circuit 7. The component of the ad- 
jacent channel leak power includes the distortion com- 
ponent generated in the power amplifier 2. 
[0101] The quantizing circuit 6 converts the envelope 
infonmation entered from the envelope detector 3 into a 
digital value, and sends the converted digital value Into 
the control terminal of the first selection circuit 7. 
[0102] The first selection circuit 7 receives the adja- 
cent channel leak power entered from the side band 
power measuring unit 5, and selects and changes over 
one integrating circuit from the N integrating circuits K1 
to KN as the output destination of the adjacent channel 
leak power depending on the digital value entered from 
the quantizing circuit 6. 

[0103] In this embodiment, con-esponding to N Inte- 
grating circuits K1 to KN, different level ranges of input 
signals are predetermined. The first selection signal 7 
selects the integrating circuit set in the level range in- 
cluding the level of the input signal corresponding to the 
digital value, depending on the digital value entered 
from the quantizing circuit 6, and changes over the out- 
put destination of the adjacent channel leak power to 
this integrating circuit. 

[0104] Each one of the integrating circuits K1 to KN 
integrates the adjacent channel leak power entered 
from the first selection circuit 7, and issues the integra- 
tion result to the second selection circuit 9. Herein, the 
integration result of the adjacent channel leak power is 
issued to the control circuit 1 0 through the second se- 
lection circuit 9, but it may be also designed, for exam- 
ple, to average the adjacent channel leak power issued 
from the first selection circuit 7, and issue the averaged 
result to the control circuit 1 0 through the second selec- 
tion circuit 9. 

[0105] The second selection circuit 9 Is controlled, for 
example, by the selection signal entered from the con- 
trol circuit 10, and selects one integrating circuit from N 
integrating circuits K1 to KN, and changes over to issue 
the obtained integration resuft to the control circuit 10 
from the selected Integrating circuit. 
[0106] The control circuit 1 0 issues a selection signal 
to the control tenminal of the second selection circuit and 
controls the second selection circuit 9, so that only the 
integration result by the integrating circuit set in the level 
range including the Input signal level corresponding to 
the control value of the compensation table 4 to be up- 
dated is selected and entered into the control circuit 1 0. 
The control circuit 1 90 also manages the period of con- 
tinuous integration, for example, in every one of the in- 
tegrating circuits K1 to KN. 

[0107] In this way, the integration result of adjacent 
channel leak power classified In every level range of In- 
put signals is entered in the control circuit 10 from the 
integrating circuits K1 to KN. In the control circuit 1 0, the 
integration time of obtaining the integration resufts en- 
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tered from the Integrating circuits K1 to KN is known. 
[0108] tn this embodiment, the control circuit 10 con- 
trols the second selection circuit 9 at an arbitrary timing 
to receive the integration result, but alternatively, for ex- 
ample, the timing may be deviated in each one of the 
integrating circuits K1 to KN by measuring the specified 
period in each one of the integrating circuits K1 to KN, 
selecting the second selection circuit 9 at the timing of 
measuring the specified period, and issuing the Integra- 
tion result obtained from the integrating circuits K1 to 
KN to the control circuit 1 0 through the second selection 
circuit 9. 

[0109J Or, by monitoring the adjacent channel leak 
power entered into the Integrating circuits K1 to KN or 
accumulated Integrated value, the second selection cir- 
cuit 9 is controlled when the adjacent channel leak pow- 
er or integral value exceeds a specified threshold, and 
the integration result obtained from the Integrating cir- 
cuit exceeding the threshold may be issued to the con- 
trol circuit 10 through the second selection circuit 9. 
[0110] The control circuit 10 updates the control val- 
ues stored in the ATT table 13 and phase shifter table 
14 of the compensation table 4, for example, by the fol- 
lowing updating method on the basis of the Integration 
result of the adjacent channel Integration result entered 
from the second selection circuit 9. 
[0111] The ATT table 1 3 compares the integration re- 
sult obtained by executing distortion compensation by 
using the control value of the ATT table 13 changed by 
changing part of the control value stored in the ATT table 
13, and the Integration result obtained by executing dis- 
tortion compensation by using the control value of the 
ATT table 13 before the change, concerning the table 
portion con-esponding to the level range of the input sig- 
nal set in the integrating circuit acquiring the integration 
result. Of the two integration results compared, in the 
smaller Integration result, the control value of the ATT 
table 13 is employed as a more adequate table value. 
By repeating this operation, the control value stored In 
the ATT table 1 3 is brought closer to an optimum value. 
[01 1 2] In the phase shifter table 1 4, by similar opera- 
tion, the control value stored in the phase shifter table 
14 Is brought gradually to an optimum value. 
[01 1 3] Preferably, the control values stored in the ATT 
table 13 and phase shifter table 14 should be updated 
so that the integration result obtained in the individual 
integrating circuits K1 to KN may be minimum. 
[0114] Fig. 2 shows an example (a) of compensation 
value of amplitude distortion realized by the ATT table 
13 of the compensation table 4 of the embodiment, and 
an example (b) of compensation value of phase distor- 
tion realized by the phase shifter table 1 4. In the dia- 
gram, the axis of abscissas denotes the reference ad- 
dress of the ATT table 13 and phase shifter table 14, 
and the axis of ordinates represents the compensation 
value. The reference address corresponds to the level 
of Input signal. Herein, the compensation table 4 is com- 
posed by using 16 bits in the OSP. 



(01 1 5] As shown in the diagram, conceming the com- 
pensation value of amplitude distortion, the gain as the 
compensation value is determined depending on the 
reference address con-esponding to the level of Input 
5 signal, and the control value for realizing this gain is 
stored In the ATT table 13 con-esponding to the refer- 
ence address. In this embodiment, the attenuation 
amount of the variable attenuator 11 corresponds to the 
gain as the compensation value. 
10 [01 16] Similarly, in the diagram, concerning the com- 
pensation value of phase distortion, the phase change 
as the compensation value is detemnined depending on 
the reference address conrespondingto the level of input 
signal, and the control value for realizing this phase 
15 change is stored in the phase shifter table 14 corre- 
sponding to the reference address. In this embodiment, 
the phase shift amount of the variable phase shifter 12 
corresponds to the phase change as the compensation 
value. 

20 [0117] tn the diagram, further, the reference address 
con-esponding to the level of input signal is classified in 
eight level ranges 1 to 8 at equal inten^als, and the 
number N of integrating circuits K1 to KN provided in the 
Integrating circuit group 8 is 8 in this case, and level 

25 ranges 1 to 8 are assigned to the integrating circuits K1 
to KN. In the integrating circuits K1 to KN, the adjacent 
channel leak power con-esponding to the input signal 
level included in the level range is integrated in each 
one of level ranges 1 to 8. 

30 [0118] In the case of software programming or 
processing, meanwhile, It is prefen-ed to divide the lev- 
els by the power of 2, such as 8 levels, because pro- 
gramming and arithmetic processing can be done eas- 
ily. Aside from 8 levels, the range may be further divided 

35 Into 16 levels, and the control value may be updated 
more accurately. 

[0119] For example, in the steep portion of compen- 
sation value depending on the reference address corre- 
sponding to the level of input signal, by classifying the 
40 level range more finely as compared with other portion, 
the control value may be updated more accurately. In 
the shown example, specifically, it is prefen-ed to classify 
more finely at the reference address of about 768 to 
1024. 

45 [0120] Thus, in the predistortion type distortion com- 
pensation amplifying apparatus of the invention, when 
amplifying by the power amplifier 2 by predistorting the 
Input signal by using the control value corresponding to 
the level of the Input signal, the adjacent channel leak 

50 power included in the amplified signal is integrated in 
different Integrating circuits K1 to KN at every level of 
the input signal, and one integrating circuit is selected 
from the plural integrating circuits K1 to KN depending 
on the input signal level corresponding to the control val- 

55 ue to be updated, so that the control value may be up- 
dated on the basis of the integration result obtained from 
this integrating circuit. 

[0121] Therefore, only the conoponent depending on 
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the level range of the input signal corresponding to the 
control value is included in the integration result of the 
adjacent channel leak power used In updating of control 
value, while component depending on other level range 
is not included, that is, the component depending on the 
level range not related to the level range of the input 
signal corresponding to the control value to be updated 
is not included, so that the control value may be updated 
to the optimum value accurately and smoothly. 
[0122J In this embodiment, the distortion generating 
means Is composed by the function of the variable at- 
tenuator 11 and variable phase shifter 12 of the predis- 
tortion unit 1 for generating amplitude' distortion and 
phase distortion in the Input signal. 
[0123] Also in the embodiment, the input signal level 
detecting means is composed by the function of the en- 
velope detector 3 for detecting the level of Input signal. 
[01 24] In the embodiment, further, the distortion con- 
trol means is composed by the function of the compen- 
sation table 4 for controlling the amplitude distortion and 
phase distortion for generating the Input signal by using 
the control signal corresponding to the level of the input 
signal. In the embodiment, the distortion control means 
is composed by using the memory for storing the level 
of input signal and control value in correspondence to 
each other 

[0125] In the embodiment, the power amplifier 2 cor- 
responds to the power amplifier as the object of distor- 
tion compensation. 

[01 26J Also in the embodiment, the distortion compo- 
nent level detecting means is composed by the function 
of the side band power measuring unit 5 for detecting 
the adjacent channel leak power included in the ampli- 
fied signal issued from the power amplifier 2 as the level 
of distortion component. 

[0127] In the embodiment, the integrating means is 
composed by the function of the plural Integrating cir- 
cuits K1 to KN for integrating the level of the distortion 
component at every level of input signal by selection and 
changeover by the first selection circuit 7. 
[0128] Further, in the embodiment, the control value 
updating means is composed by the function of the con- 
trol circuit 10 for updating the control value of the com- 
pensation table 4 conresponding to the level so that the 
integration result at every level of input signal may be 
small by selection and changeover by the second se- 
lection circuit 9. 

[0129] Referring now to Fig. 3, a predlstortion type 
distortion compensation amplifying apparatus in a sec- 
ond embodiment of the Invention is explained. 
[0130] The diagram shows a circuit configuration of 
the predistortion type distortion compensation amplify- 
ing apparatus of the embodiment, and this predistortion 
type distortion compensation amplifying apparatus 
comprises the same distortion compensation amplifying 
circuit parts of the first embodiment as shown in Fig. 1 , 
and different control value updating circuit parts. 
[0131] Specifically, the distortion compensation anv 



plifylng circuit parts of the embodiment comprise a pre- 
distortion unit 1 including a variable attenuator (ATT) 11 
and a variable phase shifter 12, a power amplifying unit 
(PA) 2 composed of one or plural power amplifiers, an 

5 envelope detector 3, and a compensation table 4 includ- 
ing an amplitude control table (ATT table) 13 corre- 
sponding to the variable attenuator 1 1 , and a phase con- 
trol table (phase shifter table) 14 corresponding to the 
variable phase shifter 12. These components 1 to 4, 11 

10 to 14 are same as in the first embodiment shown in Fig. 
1 , and same reference numerals are given herein for the 
sake of convenience of explanation. 
[0132] The control value updating circuit parts of the 
embodiment comprise a side band power measuring 

15 unit 21 , a quantizing circuit 22, a comparator 23, a coun- 
ter 24, a changeover circuit 25. an integrating circuit 26, 
and a control circuit 27. 

[0133] Omitting the explanation of same parts as in 
the first embodiment shown in Fig. 1 , examples of slruc- 
20 ture and operation of the control value updating circuit 
parts which are characteristic of the embodiment are 
specifically described below. 

[0134] The side band power measuring unit 21 cou- 
ples and receives a part of the amplified signal issued 
25 from the power amplifier 2 from, for example, a direc- 
tional coupler, measures the adjacent channel leak pow- 
er (side band component power) included in the re- 
ceived amplified signal, and issues the measured power 
to the changeover circuit 25. The component of the ad- 
30 jacent channel leak power includes the distortion com- 
ponent generated in the power amplifier 2. 
[0135] The quantizing circuit 22 converts the enve- 
lope information entered from the envelope detector 3 
Into a digital value, and sends the converted digital value 
35 into the comparator 23 . 

[0136] The comparator 23 judges if the level of the in- 
put signal corresponding to the digital value entered 
from the quantizing circuit 22 Is Included or not In the 
level range on the basis of the threshold information en- 
40 tered from the control circuit 27. and if judging to be in- 
cluded, sends a specified ON signal to the control ter- 
minal of the changeover circuit 25 and the counter 24, 
and if judged not to be Included, sends a specified OFF 
signal to the control temninal of the changeover circuit 
45 25 and the counter 24. Herein, from the control circuit 
27 to the comparator 23, for example, the threshold in- 
formation for specifying the upper limit and lower limit of 
the level range including the input signal level corre- 
sponding to the control value to be updated is issued. 
50 [0137] The counter 24 has a function of counting the 
count value, and every time an ON signal Is entered from 
the comparator 23, the count value is increased by +1, 
and the count value Is notk:ed to the control circuit 27. 
[0138] The changeover circuit 25 closes the switch 
55 when an ON signal Is entered from the comparator 23, 
and issues the adjacent channel leak power entered 
from the side band power measuring unit 21 into the In- 
tegrating circuit 26. and opens the circuit when an OFF 
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signal is entered from the comparator 23, and does not 
issue the adjacent channel leak power entered from the 
side band power measuring unit 21 into the integrating 
circuit 26. 

[0139] The integrating circuit 26 integrates the adja- 
cent channel leak power entered from the changeover 
circuit 25, and sends the integration result to the control 
circuit 27. 

[01 40] The control circuit 27 sends such threshold In- 
fomriation to the comparator 23, and integrates the ad- 
jacent channel leak power corresponding to the Input 
signal of the level range on the basis of the threshold 
infomriation by the integrating circuit 26. Thus, depend- 
ing on the threshold Infomiation, the integration result 
of the adjacent channel leak power classified in every 
level range of the Input signal is entered into the control 
circuit 27, 

[0141] Further, the control circuit 27 receives the 
count value of the counter 24, and the adjacent channel 
leak power corresponding to the input signal in the level 
range on the basis of the threshold infomiation Is en- 
tered into the integrating circuit 26, and the number of 
times of integration Is known. The number of times cor- 
responds to the count value of the counter 24. 
[01 42] On the basis of the integration result of the ad- 
jacent channel leak power entered from the integrating 
circuit 26, the control circuit 27 updates the control val- 
ues stored in the ATT table 13 and phase shifter table 
14 of the compensation table 4. The control circuit 27 
can also reset the count value of the counter 24 to zero, 
as required, or change the threshold value to be issued 
to the comparator 23. 

[0143] In the embodiment, when the count value of 
the counter 24 reaches a specified value, the control cir- 
cuit 27 acquires the integration result by the Integrating 
circuit 26, and updates the control value on the basis of 
the integration result, but it may be also composed to 
update the control value depending on the input of the 
integration result by the control circuit 27, by further 
comprising means tor operating the integrating circuit 
26 when the count value of the counter 24 reaches the 
specified value, for example, and issuing the integration 
result from the integrating circuit 26 to the control circuit 
27. 

[0144] Thus, in the predlstortion type distortion conrh 
pensatlon amplifying apparatus of the embodiment, 
when predistorting the Input signal by using the control 
value corresponding to the level of the input signal and 
amplifying in the power amplifier 2, the number of times 
of input of the input signal of the specified level is count- 
ed by the counter 24 in every level range of the input 
signal conresponding to the control value to be updated, 
and when the count value of the counter 24 reaches the 
specified value, the integration result of adjacent chan- 
nel leak power by the integrating circuit 26 is acquired 
from the control circuit 27, and the control value Is up- 
dated on the basis of the Integration result. 
[0145] Therefore, only the component depending on 



the level range of the input signal corresponding to the 
control value is included in the integration result of the 
adjacent channel leak power used in updating of control 
value, while component depending on other level range 

5 is not included, that is, the component depending on the 
level range not related to the level range of the input 
signal corresponding to the control value to be updated 
is not Included, so that the control value may be updated 
to the optimum value accurately and smoothly 

10 [0146] In the embodiment, the distortion component 
level detecting means is composed by the function of 
the side band power measuring unit 21 for detecting the 
adjacent channel leak power included in the amplified 
signal issued from the power amplifier 2 as the level of 

'5 distortion component. 

[0147] Also in the embodiment, the counting means 
is composed by the function of the counter 24 for count- 
ing inputs when the level of Input signal is the specified 
level on the basis of the ON signal from the comparator 
20 23. 

[0148] Further, in the embodiment, the integrating 
means is composed by the function of the Integrating 
circuit 26 for Integrating the adjacent channel leak power 
when the Input signal level changed over by the change- 
rs over circuit 25 is the specified level as the level of dis- 
tortion component for the period until the specified value 
is counted by the counter 24. 
[0149] In the embodiment, moreover, the control val- 
ue updating means is composed by the function of the 
30 control circuit 27 for updating the control value of the 
compensation table 4 corresponding to the specified in- 
put signal level so that the integration result by the inte- 
grating circuit 26 may be small. 
[0150] A base station apparatus according to a third 
35 embodiment of the Invention is explained below by re- 
ferring to the drawings. 

[0151] The embodiment relates to an example of a 
base station apparatus for making radio communk:ation 
with a mobile station apparatus confonning to CDMA 

40 system such as W-CDMA system. 

[01 52] The base station apparatus of the embodiment 
is roughly composed of the MDE section (wireless mod- 
ulation and demodulation section) for processing and 
controlling signals, and the amplifier section having 

<5 common amplifiers (C-AMP). 

[0153] Fig. 4 shows a schematic structural example 
of the base station apparatus of the embodiment. 
[0154] As shown in the diagram, the base station ap* 
paratus of the invention comprises an Interface unit 31 

so for communteating signals with other base station appa- 
ratus or the like, for example, through wired transmis- 
sion route, a base band signal processing unit 32 for 
processing a base band signal, a radio transmitter-re- 
ceiver 33 for transmitting and receiving signals in radio 

55 frequency band, a transmission power amplifying unit 
34 for amplifying a transmission signal by an amplifier 
having a same distortion compensation function as the 
predlstortion type distortion compensation amplifying 
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apparatus, for example, as In the first embodiment and 
second embodiment, an antenna unit 34 for transmitting 
and receiving radio signals by using an antenna 36, the 
antenna 36, and a controller 37 for controlling various 
processings executed in these components 31 to 36. 
[0155] In the embodiment, the MDE section Is com- 
posed of. for example, the Interface unit 31 , base band 
signal processing unit 32, radio transmitter-receiver 33, 
and controller 37, and the amplifying unit Is composed 
of, for example, the transmission power amplifier 34. 
[0156] An example of processing by the base station 
apparatus of the embodiment is explained below. 
[0157] That Is, In transmission process, for example, 
the signal received through the wired transmission route 
from other base station apparatus from the Interface unit 
31 is processed In the base band processing unit 32, 
and converted Into a radio frequency band signal in the 
radio transmitter-receiver 33, and this radio frequency 
band signal (transmission signal) is amplified by the 
transmission power amplifier 34, and the amplified sig- 
nal is radio transmitted to a mobile station apparatus 
from the antenna 36 by the antenna unit 35. 
[0158] In the reception process, for example, the sig- 
nal radio transmitted from the mobile station apparatus 
or the like is received in the antenna unit 35 through the 
antenna 36, and the received signal is processed in the 
radio transmitter-receiver 33, and is processed In the 
base band signal processing unit 32, and the received 
signal Is transmitted to other baser station apparatus 
through the wired transmission route by the interface 
unit 31. 

[0159] Thus, according to the base station apparatus 
of the invention, since the distortion occurring in the am- 
plifier is compensated by comprising the distortion com- 
pensation function same as in the predistortion type dis- 
tortion compensation amplifying apparatus as in the first 
embodiment or second embodiment, the control value 
used in distortion compensation can be updated to an 
optimum value accurately and smoothly same as men- 
tioned In the first embodiment or second embodiment. 
[01 80] The predistortion type distortion compensation 
apparatus of the invention is particularly effective when 
applied In the amplifier for processing multi-channel sig- 
nals, such as the transmission signal amplifier or com- 
mon amplifier provided, for example, In the W-CDMA 
base station apparatus, and the invention may be also 
applied in the base station apparatus conforming to oth- 
er communication system such as TDMA (time division 
multiple access) system or FDMA (frequency division 
multiple access) system. 

[0161] In the base station apparatus of the embodi- 
ment, preferably, it is designed to amplify the transmis- 
sion signal by the common amplifier by using the distor- 
tion compensation function of the Invention, and an 
structural example of the amplifying unit using such 
common amplifier Is explained in comparison with a 
structural example of amplifying unit using an ordinary 
amplifier (herein, an amplifier not being a common anrh 



plifrer). 



[0162] Fig. 5 shows a structural example of an ampli- 
fying unit using an ordinary amplifier (an amplifying unit 
for amplifying individually), and this amplifying unit am- 

5 pllfies signals of different frequencies, for example, f1 
and f2 individually at each frequency, and combines the 
amplitude signals at frequencies f 1 , f2. More specifical- 
ly, the signal at frequency f 1 is amplified by an amplifier 
41 , and other signal at frequency f2 is amplified by other 

10 amplifier 42, and the two amplified signals are combined 
in a mixer 43. In the amplifiers 41 , 42, distortion is gen- 
erated due to their nonlinearlty (adjacent channel leak 
power). 

[0163] In such amplifying unit, since a wide band is 
15 combined, a loss of 3 dB is generated each in the signal 
of frequencies f1, f2 in the mixer 43. Therefore, when 
the mixer 43 issues signals of frequencies f 1 and f2, for 
example, at P [W], the amplifiers 41, 42 must issue by 
amplifying the signals at frequencies f1, f2 to 2P [WJ, 
20 and the amplifier efficiency Is lowered to 1/2 that of the 
independent operation. 

[0164] On the other hand, Fig. 6 shows a stmctural 
example of an amplifying unit using a common amplifier 
(an amplifying unit for amplifying commonly), and this 
25 amplifying unit amplifies plural signals of different fre- 
quencies, for example, f1 and f2 together (amplifying 
commonly). That is, in the amplifying unit shown in Fig. 
6, for example, a combined signal of two signals at dif- 
ferent frequencies f1, f2 Is equally distributed by a dis- 
30 tributor 51 (distributed not by frequency but by, for ex- 
ample, power), and each distribution signal is amplified 
by common amplifiers 52, 53, and combined in a mixer 
54. In the common amplifiers 52, 53, distortion is gen- 
erated due to their nonlinearlty (adjacent channel leak 
35 power), and also cross modulation distortion is gener- 
ated by the two signals at different frequencies f1. f2. 
[0165] in such amplifying unit, for example, two out- 
puts from the common amplifiers 52, 53 are combined 
parallel as mentioned above. In such parallel combina- 
^ tlon, a same signal Is combined, and unlike the amplify- 
ing unit shown in Fig. 5, combination loss does not oc- 
cur. Therefore, when the combined signal of two fre- 
quencies f 1 , f2 Is Issued from the mixer 54 at P [W], the 
common amplifiers 52, 53 issue the combined signal at 
^5 two frequencies f 1 , f2 only by amplifying to P [W], and 
the amplifier efficiency is superior as compared with the 
amplifying unit shown in Fig. 5. 
[01 66] The third embodiment relates to an example of 
CDMA radio station apparatus for compensating the dis- 
50 tortion occurring in the amplifier for amplifying the trans- 
mission signal by the predistortion type distortion com- 
pensation apparatus, but a CDMA radio repeater ampli- 
fying apparatus for compensating the distortion occur- 
ring In the amplifier for amplifying the transmission sig- 
55 nal by the predistortion type distortion compensation ap- 
paratus may be also composed. 
[0167] The structure of the predistortion type distor- 
tion compensation apparatus is not limited to the lllus- 
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trated examples alone, but It may be realized In other 
various towns. 

[01 68] The application field of the invention is not lim- 
ited to the illustrated examples alone, but the invention 
may be applied in various fields. s 
[0169] For example, the application field of the pre- 
distortion type distortion compensation apparatus of the 
invention is not limited to the base station apparatus or 
repeater amplifying apparatus, but it includes various 
fields such as mobile station devices for compensating w 
the distortion occumng in amplifiers . Such mobile sta- 
tion devices include cellular phone tennlnal device, PHS 
(personal handyphone system) terminal device, and 
others. 

[0170] The technical concept of the predistortion type i5 
distortion compensation apparatus of the invention may 
be also applied to the distortion compensation appara- 
tus for compensating the distortion occuning in the am- 
plifier by generating reverse distortion of the distortion 
occuring in the amplifier in the signal issued from the 20 
amplifier, for example, by a distortion unit with the dis- 
tortion unit provided at the output side of the amplifier. 
[0171] Various processes done by the predistortion 
type distortion compensation apparatus of the invention 
include control by executing a control program stored in 25 
the ROM by the processor In the hardware resource 
having the processor, memory and others, or functional 
means for executing the process may be composed as 
independent hardware circuit. 

[0172] The invention may be also understood as the 30 
computer-readable recording medium or the program 
(ItselO such as the floppy disk or CD-ROM storing such 
control program, and the process of the invention may 
be executed by executing the control program by the 
processor by putting into the computer from the record- 55 
Ing medium. 

INDUSTRIAL APPLICABILITY 



[0173] As described herein, according to the predis- ^o 
tortiontype distortion compensation apparatus of the in- 
vention, in the mechanism for compensating the distor- 
tion occurring In the amplifier for amplifying the Inputslg- 
nal by controlling the distortion generated In the input 
signal by using the control value corresponding to the <5 
detection result of the level of the input signal, the level 
of the distortion component included in the amplified sig- 
nal issued from the amplifier is detected, the level of the 
distortion component detected at every level of the de- 
tected input signal is integrated, and the control value so 
Is updated corresponding to the level used in distortion 
control so that the integration result may be small at eve- 
ry level of the input signal, and therefore the control val- 
ue for controlling distortion compensation may be up- 
dated to a value of higher precision, and even In the case ss 2. 
of processing signals low In frequency of occun-ence of 
a specific input level, distortion compensation of high 
precision Is realized. 



[0174] Also, according to the predistortion type distor- 
tion compensation apparatus of the invention, in the 
mechanism for compensating the distortion occurring in 
the amplifier for amplifying the Input signal by controlling 
the distortion generated in the input signal by using the 
control value corresponding to the detection result of the 
level of the input signal, the level of the distortion com- 
ponent Included in the amplified signal issued from the 
amplifier is detected, inputs are counted when the level 
of the detected input signal is the specified level, the 
level of the detected distortion component is integrated 
when the level of the detected Input signal is the speci- 
fied level for the period until the specified value Is count- 
ed, and the control value is updated corresponding to 
the level used in distortion control so that the integration 
result may be small, and therefore the control value for 
controlling distortion compensation may be updated to 
a value of higher precision, and even In the case of 
processing signals low in frequency of occurrence of a 
specific input level, distortion compensation of high pre- 
cision Is realized. 



Claims 



A predistortion type distortion compensation appa- 
ratus for compensating distortion occurring in an 
amplifier for amplifying an input signal, including: 

distortion generating means for generating dis- 
tortion in an input signal, 
input signal level detecting means for detecting 
the level of the Input signal, 
distortion control means for controlling the dis- 
tortion generated by the distortion generating 
means by using a control value corresponding 
to the level of the Input signal detected by the 
input signal level detecting means, 
distortion component level detecting means for 
detecting the level of distortion component con- 
tained in the amplified signal issued from the 
amplifier, 

Integrating means for integrating the level of the 
distortion component detected by the distortion 
component detecting means In every level of 
the input signal detected by the input signal lev- 
el detecting means, and 
control value updating means for updating the 
control value corresponding to the level used 
by the distortion control means so that the inte- 
gration result of every level of Input signal ob- 
tained from the integrating means may be 
small. 

A predistortion type distortion compensation appa- 
ratus for compensating distortion occun'ing in an 
amplifier for amplifying an Input signal, including: 
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distortion generating means for generating dis- 
tortion in an input signal, 
input signal level detecting means for detecting 
the level of the input signal, 
distortion control means for controlling the dis- 5 
tortion generated by the distortion generating 
means by using a control value corresponding 
to the level of the input signal detected by the 
Input signal level detecting means, 
distortion component level detecting means for 10 
detecting the level of distortion component con- 
tained in the amplified signal issued from the 
amplifier. 

counting means for counting inputs at specified 
level of the level of input signal detected by the is 
input signal level detecting means, 
integrating means for integrating the level of the 
distortion component detected by the distortion 
component detecting means when the level of 
the input signal detected by the input signal lev- 20 
el detecting means is the specified level for the 
period until a specified value is counted by the 
counting means, and 

control value updating means for updating the 
control value corresponding to the specified 25 
level used by the distortion control means so 
that the integration result of the integrating 
means may be small. 

3. A predistortlon type distortion compensation appa- so 
ratus according to claim 1 or 2, characterized In 
that the distortion control means is composed by 
using a memory for storing the level of input signal 
and control value in correspondence to each other. 

35 

4. A CDMA radio base station apparatus including a 
predistortlon type distortion compensation appara- 
tus according to any of claims 1 to 3, characterized 
in that the distortion occun^ing in an amplifier for 
amplifying a transmission signal is compensated by 40 
this predistortlon type distortion compensation ap- 
paratus. 

5. A CDMA radio repeater amplifying apparatus in- 
cluding a predistortlon type distortion compensation 
apparatus according to any of claims 1 to 3. char- 
acterized In that the distortion occurring in an am- 
plifier for amplifying a transmission signal is com- 
pensated by this predistortlon type distortion com- 
pensation apparatus. so 

6. A predistortlon type distortion compensation appa- 
ratus according to claim 1 , 

characterized in that the distortion generat- 
ing means comprises a predistortlon unit Including ss 
a variable attenuator and a variable phase shifter, 
the Input signal level detecting means comprises an 
envelope detector, the distortion control means 
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comprises a compensation table including an ATT 
table and a phase shifter table, the amplifier com- 
prises a power amplifier, the distortion component 
level detector comprises a side band power meas- 
uring unit, the integrating means comprises a quan- 
tizing circuit, a first selection circuit, and plural inte- 
grating circuits, and the control value updating 
means comprises a control circuit and a second se- 
lection circuit, 

the input signal coming in from an input end 
of the predistortlon type distortion compensation 
apparatus is divided into two signals, and the am- 
plitude of one distribution signal is compensated of 
distortion by the variable attenuator in the predis- 
tortlon unit according to the control from the ATT 
table of the compensation table, the phase of this 
distribution signal Is compensated of distortion by 
the variable phase shifter in the predistortlon unit 
according to the control from the phase shifter table 
of the compensation table, and this distribution sig- 
nal of which amplitude and phase are compensated 
of distortion is amplified by the power amplifier, and 
issued from an output end of the predistortlon type 
distortion compensation apparatus, 

the envelope information of the other distribu- 
tion signal is detected by the envelope detector, the 
control value for amplitude control con-esponding to 
this detection result is read out by referring to the 
ATT table of the compensation table and Issued to 
a control temiinal of the variable attenuator of the 
predistortlon unit, and the control value for phase 
shift control corresponding to the detection result is 
read out by ref ending to the phase shifter table of the 
compensation table, and is issued to a control ter- 
minal of the variable phase shifter of the predistor- 
tlon unit, and 

adjacent channel leak power contained in part 
of the amplified signal issued from the power am- 
plifier is measured by the side band power measur- 
ing unit, the detection result of the envelope detec- 
tor is converted into a digital value by the quantizing 
circuit, one integrating circuit is selected and 
changed over out of plural integrating circuits as the 
output destination of the adjacent channel leak 
power Issued from the side band power measuring 
unit by the first selection circuit depending on the 
digital value entered from the quantizing circuit, the 
adjacent channel leak power issued from the first 
selection circuit Is integrated by each integrating cir- 
cuit, one integrating circuit is selected from these 
plural integrating circuits by the second selection 
circuit according to control from the control circuit, 
and control values to be stored in the ATT table and 
phase shifter table of the compensation table are 
updated by the control circuit according to the inte- 
gration result obtained from the selected integrating 
circuit. 
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7. A predistortion type distortion compensation appa- 
ratus according to claim 2, 

characterized in that the distortion generat- 
ing means comprises a predistortion unit Including 
a variable attenuator and a variable phase shifter, 5 
the input signal level detecting means comprises an 
envelope detector, the distortion control means 
comprises a compensation table including an ATT 
table and a phase shifter table, the amplifier com- 
prises a power amplifier, the distortion component io 
level detector comprises a side band power meas- 
uring unit, the counting means comprises a quan- 
tizing circuit, comparator and a counter, the inte- 
grating means comprises a changeover circuit and 
integrating circuit, and the control value updating '5 
means comprises a control circuit, 

the Input signal coming in from an input end 
of the predistortion type distortion compensation 
apparatus is divided into two signals, and the am- 
plitude of one distribution signal is compensated of so 
distortion by the variable attenuator in the predis- 
tortion unit according to the control from the ATT 
table of the compensation table, the phase of this 
distribution signal Is compensated of distortion by 
the variable phase shifter in the predistortion unit 25 
according to the control from the phase shifter table 
of the compensation table, and this distribution sig- 
nal of which amplitude and phase are compensated 
of distortion is amplified by the power amplifier, and 
issued from an output end of the predistortion type so 
distortion compensation apparatus, 

the envelope infonnation of the other distribu- 
tion signal is detected by the envelope detector, the 
control value for amplitude control corresponding to 
this detection result is read out by referring to the 35 
ATT table of the compensation table and issued to 
a control terminal of the variable attenuator of the 
predistortion unit, and the control value for phase 
shift control con-esponding to the detection result Is 
read out by referring to the phase shifter tabte of the 40 
compensation table, and is issued to a control ter- 
minal of the variable phase shifter of the predistor- 
tion unit, and 

adjacent channel leak power contained in part 
of the amplified signal issued from the power am- ^5 
plifier Is measured by the side band power measur- 
ing unit, the detection result of the envelope detec- 
tor is converted Into a digital value by the quantizing 
circuit, a specified ON signal is issued to the control 
terminal of the changeover circuit and counter from so 
the comparator when the level of the input signal 
corresponding to this digital value is included In a 
level range on the basis of the threshold Infomnatlon 
from the control circuit, the count value is increased 
by the counter every time the ON signal is entered ss 
in the counter from the comparator, the adjacent 
channel leak power Issued from the side band pow- 
er measuring unit is issued to the Integrating circuit 
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by the changeover circuit when the ON signal Is en- 
tered in the changeover circuit from the comparator, 
the adjacent channel leak power is integrated by the 
integrating circuit, and control values to be stored 
in the ATT table and phase shifter table of the com- 
pensation table are updated by the control circuit 
according to the integration result. 
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